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1. PROJ&CT: No. 28, Investigation of the Hazard from Exhaust Gases in 
roe that are in Tow. — Fs 


- Authority - 5th Indorsement, Commanding General, Army Ground 

Forces, 51. 12 (27 Dee 43) eae - b/1226k. eee 
b. Purpose + To ee the magnitude of the carbon monoxide 

hazard in a ‘towed tank resulting from pollution by the engine exhaust of t 
towing SONEEEA | 


© 


2. DISCUSSION: 


a. This report covers tne investigation of the carbon monoxide haz 
in tanks being towed by each of four towing vehicles; M4Al and k4A3 medium 
a ‘tanks, and M32Bl and M32B3, recovery vehicles, over two courses representing © 
pie ‘level road and upgrade driving, the tanks each being tested alternately with — 
Sas _ towing bar and towing cable. — 


b. Carbon monoxide concentrations were determined at several 3 
positions in the towed vehicle; driver, assistant driver, loader and comuander 
; - (breathing level when out of turret hatch), Measurements were made with a 
aes Mine Safety A:pliance Carbon lonoxide Indicator. 
| c. Wind velocity and direction relative to tank direction was 
eee “measured during all trials. 


d. Simple modifications were made to divert the path of exh 
gases in instances where high concentrations were produced. 


e. Results are presented in detail in the appendix. a: 
3. CONCLUSIONS: | . eae 


ae kAAL Medium Tank = 


(1) Standard amin of this tank as a towing vehicle produ 
a dangerous carbon monoxide hazard for all occupants of th 
towed venicle when the Bar, tow, is utilized as a connector 
a Mé 1 & ae pietap sa Ree aig 


(2) Standard operation of this tank as a towing ve 
does not. produce 6 hazardous Situation for oecr 
of towed vehicle when the cable, tow, is utilize 
as a connector, (See Fig. 2), ee 


(3) A simple exhaust deflector plate rerults in a red 
of the carbon monoxide exposure of the occupants 
_ the towed tank to tolerable levels when the tow 
is used, See Fig. 10, Appendix, 


b. ° MEAT Medium Tank = 


(1) Standard operation of the ‘tank as a towing vehicle. 
does not produce hazardous conditions for occupants 
of the towed tank when cither the Bar, tow (see 

. Fig. 4) or Cable, tow (see Fig. 5) is used as a 
connector, = . 


- M32Bl kecovery Vehicle - 


(1) Standard operation of this vehicle as a towing vehicl 
produces a seriously dangerous carbon monoxide hazard — 
for any occupants of the towed tank when the bar, tow 
is utilized as a connector. (See Figs: 6&7); 


(2) Operation with an exhaust deflector plate reduces th 
.  €xposure to level's within acceptable limits of oper= 
atior. (See Figs. 6 & 7). eee 


d. M32B3 Kecovery Vehicle ~ 


(1) Standard operation of this towing vehicle does not 
produce a hazardous situation for occupants of the — 
towed vehicle when the Bar, tow is utilized as a 
connector, (See Figs. 7,8 & 4). 


he  HCONMENUATIONS | 
a. That Ordnance develop a suitable device to eliminate the — 


exhaust fume hazard from m32B1 recovery vehicle, and that this be sub= 
mitted for test, 7 ; 


- 


ns fnat all crews of recovery vehicles and tanks be informed f 
the potential danger of carbon monoxide poisoning in towed tanks and that - 
instructions be issued to keep men out of tanks in tow so far as poss 


_ this applies particularly to the use of the MAl medium tank and u32B1 
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APPs\NDIX 


A. The extent of the carbon monoxide hazard likely to be encountered 
by occupants of towed vehicles is dependent on a number of factors-—-some of 
which are ¢redictable, some highly variable and erratic. These factors . 
include: 


; (1) Design of exhaust discharge. In the k4Al the exhaust discharge 
directly to the. rear and surrounds the following tank with, under certain con~ 
ditions, gniy minor dilution of the exhaust gases, Consequently, there isa 
serious ddnger of exposing occupents of the towed tank to high concentrations © 
of carbon monoxide. The 14A3 exnaust on the other hand is diverted and 
diluted and is a much less serious source of carbon monoxide from this stand- es 


. . (2) Distance between towing and towed vehicles. The hazard in the | 
towed vehicle is determined primarily by extent of dilution of the exhaust | 
gases before reaching it. Consequently, use of the towing cable greatly 
reduces the potential hazard as compared with the situation when the towing 
= is employed, 


(3) waves acacinsas of carbon monoxide. Heavy pulling increases 
the volume of exhaust gas discharged and tends to increase the cd ei 
carbon monoxide hazard, 


(4) The effect of wind movement. This is apt to be highly variable, ns 
but in general low air wovement (as in a ravine, close ees or during ee 
heavy muggy weather) increases the danger. 


B. The unbaffled exhaust terminals on tanks and recovery vehicles 
-4U4Al medium tank .and 1.32Bl Recovery Vehicle ) powered with radial engines, 
are mainly responsible for the high ‘degree of carbon monoxide contamination 
in a towed tank. When a tow bar is used as a connector the distance is 

insufficient to insure adequate dilution of the exhaust gases before reaching 
the toweti vehicle. On the 443 medium tank and the U32B3 Recovery vehicle, 
the exhaust port design, which is corbined with the engine cooling air dis- 
charge deflector, insures a satisfactory degree of dilution of the carbon 
monoxide, 


To eliminate the hazard from radial engine vehicles the most 
effective solution would be to establish 4 mandatory rule that there be no 
- occupants in any towed vehicle. In combat zones this may not be possible 
because the crew mst remain within their tank for protection until removed 
from the zone of fire. This distance may be short or it may be long with a 
potentially dangerous result. The quicd=hitech connector now under develop- 
ment may require the presence of a driver in the towed vehicle for guiding 
purposes. Thus, such a mandatory rule is impractical, and a means of protection 
must be provided for this individual. ° 


A second means of control is the epplication of an exhaust deflector 
plate, installed over the exhaust ports. This diverts the exhaust gases down=— 


e Be skck 41a congwerie ‘Gey 
at pieet , 


ward and the same time insures mixture and dilution with the engine cooli 


. the levels which may be expected. In the trial on the 132Bl it was necessary — 


Appendix 


“4 


air. A metal sheet 30" wide by 24" deep, extending beyond the exhaust po 
on both sides was installed on both the M4Al and K32Bl vehicles with 

satisfactory results. (see Fig. 10). Such a modification can be made at a 
first echelon maintenance station. This plate, in addition to minimizing t 
carbon monoxide hazard, may also eliminate exhaust flash identification one 
ing night operations. This, or an equal effective modification should be 
applied permanently to all k32Bl vehicles and should be installed on all 
MAL medium tanks which have a towing bar included in their storage items. 


Figs. 1 thru 9 show the maximum carbon monoxide Soncmitrabe 4 
measured during the series of trials. ‘iind direction and velocity cause some - 
variation in concentration but the results may be taken as representative of © 


for the turret occupants of the towed vehicle to wear a gas mask with all 
purpose cannister (carbon monoxide) in order to continue the test. 

Be The time-concentration curves for CO with the M4Al tank as the 
towing vehicle are shown in Figs. 1 end 3. The average concentration at the 
driver's position for the 28 minute trial was 0.13&%, Fig. 1. <A comrarison 
of results of towing with and without the exhaust deflector plate over an 
identical cotrrse with approximately the same wind velocity and direction is 
shown on Fig. 3. In contrast to the serious condition resulting from the ies 
standard operation, use of the deflector plate brings the concentration well © 
below acceptable limits. ; 


ae Pigs. 29455,8 and 9 illustrate operation of the M4A3 medium eae, 
ane the M32B3 with towing bar and towing cables. All trials indicate toler-. 
able conditions in the towed vehicle. 


In Figs. & & 7, conditions resulting from operation of the 
standard li32Bl recovery vehicle and with the baffle plate installed are 
compared for two types of. driving courses. The average carbon monoxide 
concentration at the driver's position was 0.14% (Fig. 6). Under standard 
conditions of operation the use of deflector plate,however, reduced the 
concentration well below the allowable limit. Fig. 7 illustrates similar 
comparative results on trials oven a flat road surface. 
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FIG. | 


CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED BY 
'M4Al MEDIUM TANK ON ROAD COURSE- 4% GRADE 


WITH TOWING BAR 
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CARBON MONOXIDE, PERCENT 
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CARBON’ MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED 
BY M4Al MEDIUM TANK ON FLAT ROAD SURFACE 


WITH TOWING CABLE 
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_ CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED 
BY M4Al MEDIUM TANK ON FLAT ROAD SURFACE 


WITH TOWING BAR 
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CARBON MONOXIDE ‘CONCENTRATIONS IN MEDIUM TANK TOWED. BY 
-M4A3 MEDIUM TANK ON ROAD COURSE-4% GRADE 


WITH TOWING BAR 
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CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED 
BY M4A3 MEDIUM TANK ON FLAT ROAD SURFACE 


WITH TOWING CABLE 
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FIG. 6 


CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED BY — 
_ M32BIl RECOVERY VEHICLE ON ROAD COURSE OF 4.0% GRADE 


WITH TOWING BAR 
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CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED 


BY M32Bl RECOVERY VEHICLE ON FLAT ROAD SURFACE 
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_GARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWED 
BY M32B3 RECOVERY VEHICLE ON FLAT ROAD SURFACE 


WITH TOWING BAR 


2 ——WIND VELOCITY 
i cpitiammtoncsem ter er eT 
=< 
Lil 
O 
Oe 
a 
0.10 
x< 
ao 
S 
= MAXIMUM ALLOWABLE LIMIT ; 
0.05 7 Se 
=a : ~» 
© 
a 
Qe 
i @ 
Oo 


DRIVER 


Oe: Se ee 25 30 
TRIP TIME, MINUTES = Je 


i 


Hp aD AE POCA: 


eae 


emanate, pak bebaneots 
ea : paris 


Baie vances Saeed nha oe 


_ CARBON MONOXIDE CONCENTRATIONS IN MEDIUM TANK TOWE 


CARBON MONOXIDE, PERCENT 


BY M32B3 RECOVERY VEHICLE ON ROAD COURSE OF 4%, GRADE 
| ‘WITH TOWING BAR | a 


DESCENT © 


ASCENT 


MAXIMUM_ALLOWABLE_ LIMIT 


ei 
= te. 
2 
etc: 
Fe Bo 
z 
a 
a | 


nomenon sventmoen tee anderen te 


Bah Sah CS eae ssa ee ore 


-—- LOGATION OF EXHAUST DEFLECTOR PLATE FOR 
M4Al MEDIUM TANK AND M32BI RECOVERY VEHICLE 
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CORRIGENDA 


Fage 16, Sect. 10, paragraph 4, line 3: after the words "were used" insert 
A ratings of acceptability good, fair or poor, (3) quantity consumed and 
4)". : 


Page 135, data for Y Company, inadvertantly omitted from this figure, may be 
found in table l,a on page 129. . 


Page 152, Sect. 7, paragraph 1, line 6, after the words "inadequacy of" insert 
"the rations. Such variations are the result of such conditions of the study 
as the" following etc. 


Page 240 - should be same as page 242, 2hh, etc. 


